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Abstract 
The optical properties and structural organization of a 5-ring n-octyloxy-substituted oligo(p-phenylene vinylene) have 
been investigated in the solid state. For this study solution-grown single crystals and vacuum-deposited hin films were used. 
The unit cell of the solution-grown single crystals was determined to be monoclinic, space group I2/a.  The as-deposited 
oligomer films showed a polycrystalline structure. Annealing the film at a temperature of 120°C resulted in a morphological 
change, which manifested itself in an increase of crystalline domain size from approximately 4 p~m to 20 txm. Both single 
crystals and thin films exhibit a high photoluminescence quantum yield of 0.5 and 0.7, respectively. In order to determine 
the relative importance of oxygen and water on photoluminescence quenching, we measured the luminescence decay of a 
vacuum-deposited film exposed to water and air. It was found that quenching is mainly due to contamination with oxygen 
from air rather than water and that this contamination is reversible to a great extent. We demonstrate that under intense laser 
excitation it is possible to obtain stimulated emission from both single crystals and thin films. Non-optimized single-layer 
light-emitting diodes prepared from the oligomer showed uniform green/yellow light emission with external electrolumines- 
cence efficiencies up to 0.15% using Ca as electron-injecting electrode. The electroluminescence efficiency is drastically 
increased by annealing. © 1998 Elsevier Science B.V. 
Keywords: Oligomers; Single crystals; Thin films; Poly(p-phenylene vinylene); Light-emitting diodes; Photoluminescence; Amplified 
spontaneous emission 
1. Introduction 
Conjugated polymers like polythiophene (PT), 
poly(p-phenylene vinylene) (PPV) and derivatives, 
attract considerable attention for their potential use 
* Corresponding author. Fax: + 31-50-3634400; E-mail: 
hadzii@chem.rug.nl. 
i Current address: Philips Research Laboratories, Prof. Hoist- 
laan 4, NL-5656 AA Eindhoven, The Netherlands. 
in thin-film microelectronics [1] and optoelectronics 
devices like Light Emitting Diodes [2-4] (LEDs) and 
photovoltaic ells [5,6]. At present, polymer LEDs 
with high efficiencies [4] covering the whole visible 
spectrum [7-9] have been demonstrated and the de- 
vice lifetimes are approaching levels at which they 
become commercially attractive [10]. 
Knowledge about the molecular structure of con- 
jugated polymers and the structural organization of 
these polymers in thin films is of great importance 
0301-0104/98/$19.00 © 1998 Elsevier Science B.V. All rights reserved. 
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for a better understanding of the device physics. 
Charge transport and optical properties of these 
macromolecules are difficult to relate to their micro- 
scopic structure due to chemical and structural im- 
perfections as a result of mislinkages, aturated sites, 
molecular weight distributions, the presence of end- 
groups, and conformational defects. Moreover, the 
structural organization in polymer films is poorly 
defined due to the high degree of disorder. A better 
understanding of the relationship between physical 
properties and structure can be achieved by using 
conjugated oligomers which can serve as model 
compounds for their parent polymers, due to the 
precise control of conjugation length and chemical 
structure in combination with the potential ability to 
form well-ordered molecular assemblies ( ingle crys- 
tals and polycrystalline vacuum-deposited films). In 
the case of PPV oligomers, the optical properties as a 
function of the number of repeat units (n - l ,  where n 
is the number of phenyl rings in the backbone) are 
converging to that of the corresponding fully conju- 
gated PPV polymer at the five ring level (n = 5) 
[ l l -13l.  
The high photoluminescence (PL) quantum yield 
and small self-absorption f conjugated polymers has 
made them promising candidates for laser media in 
dilute solutions and solid state, the ultimate target 
being the elaboration of electrically pumped polymer 
lasers operating in the visible. The generation of 
laser light under pulsed optical excitation, using 
polymers as active material, has been achieved in 
solution [14,15] and more recently in neat thin films 
[16-18]. 
The results reported on thin films raise hope for 
the development of electrically pumped laser diodes. 
The most important question to address at this mo- 
ment is whether or not it is possible to obtain 
electrically induced net gain in polymer diodes. Based 
on the lasing threshold under optical excitation, it is 
estimated [16] that current densities in excess of 10 6 
A m-2 are needed to establish gain in such devices, 
which is much higher than currently attainable in 
polymer LEDs. The low current densities in polymer 
LEDs, especially for electron transport, are the result 
of the low charge carrier mobilities, high trap densi- 
ties and poor charge injection in conjugated poly- 
mers. However, electroluminescence (EL) of a 3 nm 
thick PPV film by tunneling injection from a scan- 
ning tunneling microscope (STM) tip with current 
densities of the order of 108 A m -2 has been 
reported recently [19]. 
Crystalline luminescent oligomers could possibly 
provide the required properties for electrically 
pumped lasing. It is well known that ordered conju- 
gated organic materials exhibit low trap densities and 
high charge carrier mobilities, for both electrons and 
holes. As an example, in single crystals of an- 
thracene [20] the hole and electron mobilities are 
approximately 1 cm 2 V ~ s-~ and the crystal PL 
quantum yield at room temperature is almost unity. 
Both electroluminescence [20] and optically induced 
lasing [21] have been demonstrated in anthracene 
single crystals. From application point of view, or- 
ganic single crystals are rather inconvenient, because 
perfect crystals are difficult to grow, hard to handle 
and have relatively large dimensions (typical thick- 
ness around 1-100 Ixm). The possibility to process 
oligomers into high-purity thin films by vacuum 
deposition allows the desired geometry for device 
application to be realized [22,23]. 
In this paper we present he molecular arrange- 
ment and optical properties of single crystals and 
vacuum-deposited thin films prepared from a novel 
5-ring n-octyloxy-substituted oligo(p-phenylene 
vinylene). We demonstrate hat under intense laser 
excitation it is possible to obtain stimulated emission 
from both single crystals and thin films. In addition, 
the influence of the morphology on LED perfor- 
mance is discussed. 
2. Experimental 
The synthesis of the 5-ring n-octyloxy-substituted 
oligo(p-phenylene vinylene) (hereafter abbreviated 
as Ooct-OPV5) is described elsewhere [24]. The 
molecular structure of the compound is depicted in 
Fig. 1. Solubility of the oligomer in common organic 
solvents like chloroform and tetrahydrofuran is ob- 
tained through the presence of two long n-octyloxy 
side-chains ubstituted on the middle ring of the 
molecule. Yellow needle-shaped single crystals were 
obtained when the compound crystallized from a 
THF/methanol solution. Thin films were prepared 
by slow evaporation from a molybdenum boat just 
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Fig. I. Chemical structure of Ooct-OPV5. 
above the melting point (290°C) and at a pressure of 
10 -6 mbar, with the glass substrate positioned about 
10 cm above the boat. 
The crystallographic characterization [24] of the 
solution-grown single crystals was made with an 
Enraf-Nonius CAD-4F diffractometer using MoKet 
radiation (A = 0.71073 A). The overall geometry of 
one of the octyloxy fragments appeared somewhat 
distorted, suggesting some degree of disorder; how- 
ever, the other structural parameters were as ex- 
pected. Crystal data: Formula: C5~H6202; Formula 
weight: 743.09; Crystal system: Monoclinic; Space 
group: 12/a, 15; a (A): 36.204(3); b (A): 7.540(1); 
c (A): 36.625(4); /3 (°): 116.850(9); V (~3): 
8919.7(18); Z: 8; Ocalc (g cm-3) :  1.107; F(000): 
3216; /~ (cm-J): 0.65; Crystal size (mm3): 0.02 × 
0.48 × 0.50; T (K): 130; 0 range; min, max (°): 
1.07, 25.0; Data collected: 8650; No. of unique data: 
7808; No. of reflections observed (I_> 2.5 o- (I)): 
3608; No. of parameters: 667; R(F): 0.099; Rw(F) 
(w = 1): 0.092; Residual p (e ,~-3):0.63; Max shift 
A/or (final cycle): 0.4185. X-ray diffraction of the 
vacuum-deposited film was carried out on a Rigaku 
horizontal diffractometer, with CuKe~ (A = 1.5418 
A) radiation monochromatized through a Ni-filter, 
using conventional 0 - 2 0 scanning in the symmet- 
rical reflection mode. The Rigaku RU200B rotating- 
anode generator was operated at 40 kV, 40 mA. 
UV-vis spectra were obtained on a SLM Aminco 
3000 Array spectrophotometer using suprasil quartz 
plates as substrate. Luminescence spectra were 
recorded on a Perkin Elmer LS50-B spectrafluorom- 
eter equipped with a pulsed Xe-lamp. The lumines- 
cence quantum yield in solution was determined in 
THF relative to a quinine sulphate standard in sul- 
phuric acid (q~vL =0.55). Absolute luminescence 
quantum yield measurements of the vacuum-de- 
posited films and solution-grown single crystals were 
determined in a calibrated integrating sphere with an 
Ar + laser (A =458 nm) as excitation source. We 
estimate the absolute accuracy of the quantum yield 
measurements to be approximately 20%. Lumines- 
cence lifetime measurements were made by time- 
correlated single photon counting. Excitation was 
provided by the second harmonic of a ~ 100 fs 
modeqocked Ti-Sapphire laser (Mira, Coherent). The 
excitation wavelength was ~ 400 nm. To match the 
photon counting electronics, the laser repetition rate 
was reduced by an acousto-optical pulse-picker 
(CAMAC) to 2 MHz. The excitation energy density 
did not exceed 1 n J /cm 2 per pulse. The instrumental 
response time at half-width of full maximum was 
approximately 40 ps. 
The lasing experiments were performed in an 
integrating sphere, with the third harmonic of a 
Nd: YAG laser (Quanta-Ray GRC 130-50, A = 355 
nm, pulse width 15 ns, repetition rate 1 Hz) as 
photoexcitation source. The beam was focused to a 
spot size of 1.8 ram. Neutral density filters were 
used to attenuate the excitation energy. The 
vacuum-deposited films and single crystals were ex- 
cited under normal incidence. The emitted light 
emerging from the sample was detected by an Opti- 
cal Multichannel Analyzer (Chromex 250 SI poly- 
chromator with Chromcam I CCD detector). All 
optical measurements were performed under vacuum 
(glass cell, vacuum better than 10 -4 mbar) unless 
otherwise stated. 
Light-emitting diodes were fabricated by vacuum 
deposition of the oligomer onto ITO- or Ca-covered 
glass slides as described above. A1 or Ca top elec- 
trodes (area 6 mm 2) were deposited by vacuum 
evaporation (10 -6 mbar). A Dektak 3030ST surface 
profiler was used to determine the layer thickness, 
and IV-measurements were taken with a Keithley 
236 SMU. EL spectra of the devices were recorded 
on a SLM-Aminco SPF500C spectrofluorometer. The 
quantum efficiencies (ph/el) of the devices were 
determined by measuring the light output vs. current 
with a calibrated photodiode mounted on an integrat- 
ing sphere. A Stanford SR400 photon counter was 
used to measure the photodiode output. All measure- 
ments were performed under nitrogen atmosphere in
a glove-box. 
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3. Results and discussion 
3.1. Structure and morphology 
The unit cell of the Ooct-OPV5 solution-grown 
single crystals [24] is monoclinic, space group I2/a, 
and contains eight discrete molecules eparated by 
normal van der Waals distances. The representation 
of the unit cell in Fig. 2 shows that the conjugated 
backbones lie parallel to each other, lined up in 
strings along the a-axis and separated along the 
c-axis by a layer accommodating the aliphatic side- 
chains. Although the phenyl rings are not "T r- 
stacked", the molecules are nonetheless contained in 
layers parallel to the (010) plane. The interlayer 
o 
distance is b/2 = 3.77 A, which is indeed larger 
than the typical values for ~--stacking, 3.3-3.4 A 
[25]. 
Fig. 3 shows the optical micrographs between 
crossed polarizers of an as-deposited film and an 
annealed film of Ooct-OPV5 vacuum-deposited onto 
a glass substrate. The as-deposited oligomer films 
are pinhole-free and showed a granular structure, 
indicating some extent of crystallinity (Fig. 3A). 
Annealing the film at a temperature of 120°C re- 
suited in a morphological change, which was irre- 
versible (Fig. 3B). This morphological change oc- 
curred below the first melting point of the oligomer 
and manifested itself in an increase of crystalline 
domain size from approximately 4 ~m to 20 ~m. 
X-ray diffraction was used to examine the enhanced 
crystallinity and/or orientation. The XRD pattern of 
an annealed film, recorded in reflection geometry, is
depicted in Fig. 4, and shows a progression of peaks 
corresponding to a lattice spacing of 15.05 A. Based 
on the single-crystal data [24] and preferred growth 
along the b-axis, the pattern is assigned to be a series 
of (002n) reflections up to (0018), implying deposi- 
tion with the (ab)-plane parallel to the substrate. The 
XRD pattern of an as-deposited film revealed only 
the first three (002n) reflections, which confirms 
enhanced molecular orientation upon annealing. The 
diffraction peaks of the annealed film are also nar- 
rower than those of the as-deposited film, in agree- 
ment with the observed increase in crystal domain 
size. The lattice period changes upon annealing and 
is in an~( case smaller than that of the single crystal 
(16.34 oA): film as-deposited 14.9 A, annealed film 
15.05 A. The existence of various crystalline forms 
can be explained by the compressibility of the 
aliphatic layer between the conjugated backbones, 
resulting in deformability of the unit cell. This defor- 






Fig. 2. Molecular packing of Ooct-OPV5 in the unit cell. 
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Fig. 5. Schematic representation of one unit cell of Ooct-OPV5 on 
a glass substrate after annealing. 
lographic packing, only the azimuthal angle of the 
molecules differs between individual domains. 
3.2. Steady-state optical properties 
Fig. 3. Polarized light optical micrographs of a thin film (200 nm) 
of Ooct-OPV5 vacuum-deposited onto glass substrates: (A) as-de- 
posited; (B) annealed for 5 min at 120°C. Scale bar: 100 Ixm. 
and/or  an adjustment of the monoclinic angle. The 
proposed molecular orientation of the highly oriented 
annealed film is depicted in Fig. 5. All crystalline 
domains in the annealed film have the same crystal- 
e-- 
t - -  
0 10 20 30 40 50 60 
20 (degrees) 
Fig. 4. X-ray diffraction (0 -20  scan) of a thin film (200 nm) of 
Ooct-OPV5, annealed for 5 min at 120°C. 
The normalized photoluminescence and ab- 
sorbance spectra of a single crystal and a vacuum- 
deposited film (as-deposited and annealed at 120°C) 
are shown in Fig. 6. Due to the large absorption 
coefficient (more than 105 cm-~ in the maximum) 
we were not able to measure the absorbance spec- 
trum of relatively thick (20-30 Ixm) single crystals. 
All spectra show reasonably pronounced vibrational 
structure similar to that of a free single molecule. 
The apparent absence of a line in the luminescence 
spectrum from a single crystal around 500 nm may 
be explained as being due to self absorption. Unlike 
O~ ¢.9 ¢.. 
e"  




300 400 500 600 700 
Wavelength (nm) 
Fig. 6. Normalized photoluminescence andabsorbance spectra of 
an as-deposited film ( . . . ) ,  annealed film ( - - )  and a 
single crystal (- • -). 
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the luminescence from vacuum-deposited films, the 
luminescence from the single crystals is strongly 
polarized along the molecule's long axis with a 
dichroic ratio ~ 12, corresponding to that of an 
oriented thin film [26]. The red shift in both lumines- 
cence and absorbance spectra is evident with the 
increase in crystal size and crystalline fraction. It 
may be attributed to two effects. First, oligomers are 
almost coplanar in the crystalline phase, while they 
may be twisted in the disordered phase and therefore 
have a shorter effective conjugation length [27]. Sec- 
ondly, the coupling between the molecular transition 
dipoles in the close-packed organization of the crys- 
tal leads to splitting of the energy levels. In the 
simplest case of a dimer with co-planar inclined 
transition dipoles, a decrease in the shift angle results 
in a red shift of the lowest dipole-allowed electron 
transition with respect to that in a monomer [28]. 
According to the X-ray data, the shift angle of the 
single crystal is approximately 45 ° indicating that 
such a mechanism of transition energy lowering is 
possible. Both these effects contribute to the red 
shift, their relative importance is not clear, however. 
Absolute PL quantum yields of ~ 0.5 were mea- 
sured for both single crystals and as-deposited films. 
The quantum yield after annealing of the films in- 
creased to approximately 0.7. The reason for this 
increase is not clear at this moment. 
3.3. O©'gen contamination 
Strong and fast quenching of photoluminescence 
from single crystals and vacuum-deposited films un- 
der ambient conditions was observed. For example, 
the photoluminescence intensity of a single crystal 
excited with light polarized parallel to the long 
molecular axis, for which the light penetration depth 
is not more than 200 rim, was reduced more than one 
order of magnitude after one day of exposure to air. 
Even when the exciting light is polarized perpendicu- 
lar to the long molecular axis and the light penetra- 
tion inside a crystal is rather deep (according to an 
oriented gas model, the dichroic ratio is ~ 12), 
photoluminescence was quenched by a factor of 
almost three. A typical time dependence of the de- 
crease in photoluminescence efficiency for this case 
after exposure of a crystal to air is shown in Fig. 7. 
0,5  i i 
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Fig. 7. Photoluminescence efficiency of a solution-grown Ooct- 
OPV5 single crystal exposed to air, as a function of illumination 
time. 
The effects of exposure to air can be due to contami- 
nation by oxygen or/and water and may be compli- 
cated by photochemical reactions [29]. 
Recently, it has been shown that exposure of PPV 
films to air in the dark leads to the formation of 
water-PPV complexes. In the same study no changes 
were seen upon exposure to a controlled oxygen 
environment [30]. In order to find out the relative 
importance of oxygen and water on photolumines- 
cence quenching, the luminescence lifetime of a 
vacuum-deposited film just after deposition was 
measured subsequently in air, vacuum and water 
vapour. The sample was then exposed to air for one 
day and again the luminescence lifetime was mea- 
sured in air and vacuum. Corresponding decay curves 
taken with the time-correlated single photon count- 
ing technique are shown in Fig. 8. It is evident that 
water does not cause a dramatic decrease in lumines- 
cence lifetime and the observed slight decrease can 
be attributed to residual oxygen. Therefore, quench- 
ing is mainly due to contamination with oxygen and 
this contamination is reversible to a great extent. 
Nevertheless, we cannot exclude possible permanent 
photooxidation of the material, since photooxidized 
molecules may have much shorter conjugation 
lengths and thus be strongly blue-shifted. Our experi- 
ments are not sensitive to this process. It should be 
also mentioned that all decay curves have almost the 
same tail slope indicating that the depth of contami- 
nation is less than the film thickness. 
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Fig. 8. Photoluminescence decay curves of a solution-grown 
Ooct-OPV5 single crystal: (1) in air after deposition; (2) in 
vacuum; (3) in water vapour; (4) after one day in air; (5) in 
vacuum. 
3.4. Stimulated emission 
We have measured light emission spectra from 
single crystals and thin films of Ooct-OPV5 under 
intense optical excitation with the third harmonic of 
a Nd : YAG laser (A -- 355 nm). Two emission spec- 
tra, at low and high excitation energy, of a 30 Ixm 
thick solution-grown single crystal are shown in Fig. 
9. At low excitation energy only the ordinary broad 
luminescence spectrum was observed, whereas above 
a well-defined excitation energy threshold a sharp 
emission peak appeared centred around 540 nm sur- 
rounded by a broad luminescence tail. The higher the 
excitation energy, the more dominant he spectrally 
narrow emission became, with the broad lumines- 
cence background being suppressed. The wavelength 
of the narrow peak at high pump energies coincides 
with the maximum of the luminescence mission 
spectrum. The observed appearance of a spectrally 
narrow peak above a well-defined energy threshold 
and the suppression of the broad luminescence tails, 
indicating the redistribution of spectral energy within 
the emitted light, are a clear signature of light-in- 
duced net gain due to stimulated emission. This 
radiation, which appears regardless of whether there 
is any input radiation, is called amplified sponta- 
neous emission (ASE). ASE has at least some prop- 
erties resembling laser radiation. For this reason 
systems emitting ASE are often referred to as mirror- 
less or superradiant lasers, and such mirrorless lasing 
is sometimes called superradiance [31]. The observed 
behaviour is typical for molecular crystals with high 
PL quantum yield and was reported a long time ago 
[21]. For possible practical applications, single crys- 
tals grown from solution or melt are not convenient; 
however, the use of vacuum-deposited or spincast 
thin films allows the desired geometry for device 
application to be realized. For this study thin films 
with a thickness of 300 nm were prepared by vac- 
uum deposition onto glass substrates. The as-de- 
posited films showed no spectral narrowing at any 
pump energy up to the damage threshold. ASE was 
only observed in annealed films. In Fig. 10 the 
emission spectra of an annealed thin film are shown 
as a function of excitation energy. The annealed thin 
films show the same typical spectral evolution as the 
solution-grown single crystals. Above threshold, ASE 
with a narrow spectral bandwidth (FWHM = 5 nm, 
Area x = 548 nm) was emerging from the film with a 
suppressed luminescence background. This is more 
evident in Fig. 11, where the integrated intensity and 
linewidth as a function of excitation energy are 
shown. The linear dependence of the integrated in- 
tensity indicates that there is energy redistribution 
within the emitted light. The threshold for mirrorless 
lasing for these thin films is approximately 1.6 mJ, 
which is three orders of magnitude higher than that 
i i I i 
¢ -  
¢1"JC" ' " ' " ' .  . . . . . . . . . . . . . .  
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;20 540 560 580 600 
Wavelength (nm) 
Fig. 9. Emission spectra of a solution-grown single crystal of 
Ooct-OPV5. Excitation energy: 0.2 (dotted line) and 0.5 mJ (solid 
line). 
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Fig. 10. Emission spectra of an annealed thin (300 nm) film of 
Ooct-OPV5. Excitation energy: 0.9, 1.6, 2.1, 3.1 and 3.9 mJ 
(increasing from bottom curve to top curve). 
of conjugated polymers [16-18]. This can be at- 
tributed to the polycrystalline structure of the thin 
films. We believe that mirrorless laser generation 
occurs only within the individual crystalline do- 
mains, which have dimensions of approximately 20 
Ixm. Scattering at grain boundaries likely results in 
high optical losses, which prevents sufficient net 
gain to be realized over multiple domains. The do- 
main size in as-deposited films, approximately 4 
Ixm, is too small to achieve significant gain at all, 
since the length of interaction is limited by this size. 
Under our experimental conditions, the excitation 
energy received by the individual crystalline do- 
mains is more than three orders of magnitude lower 
than the total excitation energy. Hence, the threshold 
for mirrorless lasing for an individual crystallite is 
estimated to be ~ 0.2 t.tJ per pulse, which is compa- 
rable to that for conjugated polymers. 
3.5. Light-emitting diodes 
Light-emitting diodes of Ooct-OPV5 were fabri- 
cated by vacuum deposition of the oligomer onto 
ITO-covered glass slides (Baltzers AG). A1 or Ca 
was used as electron-injecting electrode (electrode 
area ~ 6 mm 2, thickness 80 nm). The vacuum-de- 
posited films on ITO have similar morphologies as 
the ones deposited on glass substrates (Fig. 3). The 
current/voltage (IV) characteristics of the devices 
scaled with the layer thickness of the emitting 
oligomer, indicating that the electric field is uni- 
formly distributed across the device. Clear light 
emission could be seen by eye over the whole active 
area of the device. A change of the electron injecting 
metal from A1 (qb = 4.3 eV) to Ca (qb = 2.9 eV) 
resulted in an increase of two orders of magnitude in 
electroluminescence (EL) efficiency (ph/el), from 
0.01 to 0.15%. This observation supports the conclu- 
sion that electron injection determines the emission 
properties of the devices. The ITO/OPV/A1 and 
ITO/OPV/Ca  diodes were annealed to investigate 
the influence of oligomer film structure on LED 
device performance. The external EL efficiency was 
found to be more than an order of magnitude higher 
for the annealed devices than for the as-deposited 
ones. Although the PL quantum yield was found to 
be increased from 0.5 to 0.7 upon annealing, this 
40% increase cannot explain one order of magnitude 
increase in EL efficiency. Assuming no difference 
between electrically or optically created luminescent 
excitons, one can conclude that the increased EL-ef- 
ficiency is caused by a change in the density of hole 
and/or electron currents. No significant difference 
in the /V-dependence was measured in the 
ITO/oligomer/A1 devices. Since holes are the ma- 
jority charge carriers in such devices, the hole cur- 
rent is the same for the two morphologies. To exam- 
ine the electron current we prepared 'electron-only' 
devices (Ca/Ooct-OPV5/A1). In this case the cur- 
rent recorded for the annealed evices was one order 
of magnitude higher than for the as-deposited ones. 
120 ' ' ' ' " ' ' ~" 40  
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Fig. I I. Integrated PL ( i )  and linewidth (©) as function of 
excitation energy for an annealed thin (300 nm) film of Ooct- 
OPV5. 
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The increase of electron current in annealed evices 
can be explained by an increase of electron mobility, 
which is likely caused by the improved molecular 
orientation and the reduction of the density of grain 
boundaries. Although the influence of the oligomer- 
A1 interface could be of some importance, the pres- 
ence of larger crystalline domains results in an in- 
crease in EL efficiency that is mainly due to en- 
hanced electron current. 
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